Objectives. We monitored the mRNA expression profiles of peripheral blood cells during treatment with a TNF-inhibitor, infliximab, in patients with RA. Using a DNA microarray analysis, we demonstrated a unique set of genes, with distinct baseline and post-treatment changes in expression between responders and non-responders to infliximab treatment. Methods. Using a customized low-density cDNA microarray with 747 genes and a reliable data collection system, we monitored the mRNA expression profiles of whole blood cells from 18 RA patients before and after the infusion of infliximab for up to 22 weeks. The clinical response to treatment with infliximab was determined using the ACR response criteria, the disease activity score of 28 joints (DAS28), and individual clinical parameters. The patients were classified as responders or non-responders based on their ACR50% response at 22 weeks.
Introduction
Biological agents that inhibit the action of TNF-, such as infliximab, etanercept and adalimumab, have shown excellent clinical efficacy and a striking ability to prevent structural damage in patients with RA [1] [2] [3] [4] . This clinical evidence supports the hypothesis that TNF-lies upstream of the pro-inflammatory cytokine network and plays a pivotal role in the pathogenesis of RA [5] . Nevertheless, a satisfactory clinical response is not achieved in all patients treated with anti-TNF biologics. For example, the response to anti-TNF biologics in MTX-resistant RA patients is typically around 50-70% in terms of the ACR20% response criteria at 6 months [1] [2] [3] [4] . To maximize the clinical response to these agents, the mechanism underlying the variable response in individual patients must be understood; furthermore, a strategy for predicting responders and non-responders is needed. Although clinical parameters, autoantibody profiles and biomarkers like serum MMP-3 have been studied [6] [7] [8] [9] , reliable prediction markers have not been identified to date. A pharmacogenomic analysis has also been performed [10] .
Some studies have shown that single nucleotide polymorphisms (SNPs) in genes encoding TNF-, TNF-receptors, other cytokines and the MHC are significantly associated with a favourable response to ant-TNF biologics, while others conclude that such SNPs are irrelevant to predicting response [10] [11] [12] . In particular, a recent study in a large RA cohort demonstrated that a shared epitope was a marker of disease severity but was not a predictor of infliximab response [13] . Using a comprehensive analysis of mRNA expression profiles [14] , synovial cells and peripheral blood cells from RA patients have been examined [15] [16] [17] . Based on the results of a transcriptome analysis, possible predictors of drug response are now being explored using not only synovial biopsy specimens, but also peripheral blood samples [18] [19] [20] . While baseline profiling is important for predicting a favourable response to a given drug, information regarding differences in the mRNA profiles of responders and nonresponders is indispensable to understanding the molecular basis of drug response. To monitor the changes in mRNA expression following the administration of anti-TNF biologics, we attempted to analyse the mRNA expression profiles in peripheral blood samples from RA patients taken at multiple time points during treatment with a chimeric anti-TNF-monoclonal antibody, infliximab. In this report, we show that several sets of genes were closely correlated with inflammatory response markers, like CRP, while other gene groups with unique kinetics were also identified. Interestingly, the kinetics of the expression patterns of several genes was clearly discordant between responders and non-responders to infliximab. This information may help to personalize therapeutic strategies using anti-TNF biologics.
Materials and methods

Patients
To fulfil the ACR criteria for RA [21, 22] , patients had to be at least 18 yrs of age, have an ACR functional class of I-III and should have been receiving MTX !6 mg/week for a minimum of 3 months and a stable dose for at least 6 weeks at the time of study enrolment. Patients meeting these criteria were recruited at the Division of Rheumatology/Clinical Immunology, Saitama Medical Center, Saitama Medical University, Japan. All patients must have had inadequate control of RA symptoms, as defined by a combination of !6 swollen joints, !6 painful joints and an ESR !28 mm/h or a CRP level of 20 mg/l, while receiving a stable MTX dose that at its maximum did not exceed the 2.5 Â upper normal limit of a liver enzyme test. The exclusion criteria for infliximab treatment were based on the Japanese guidelines for the use of infliximab [23] . In addition to these guidelines, RA patients with other collagen-vascular disease complications were excluded from the study, with the exception of patients with secondary SS. The diagnosis of SS was made according to the AmericanEuropean criteria [24] . Informed consent was obtained from all patients, in accordance with the Helsinki protocol.
Study procedures and evaluations
Infliximab (Remicade; Tanabe Seiyaku, Osaka, Japan) was infused at a dose of 3 mg/kg at 0, 2, 6 and every other 8 weeks thereafter in combination with the ongoing administration of MTX at a dose >6 mg/week. The doses of MTX, other DMARDs, NSAIDs and steroids were fixed throughout the entire study period. IA steroid injections were not permitted. Blood samples were collected immediately before the first intravenous injection of infliximab and 2, 14 and 22 weeks after the first injection to measure the serum protein and autoantibody levels and for mRNA profiling.
The patients were examined at every hospital visit they made to receive an infusion. The ACR core set of variables, including the number of swollen joints, the number of painful joints, physician's global assessment on a visual analogue scale (VAS) of 0-100 mm, patient's global assessment of disease activity on a scale of VAS (0-100 mm), duration of morning stiffness (minutes) and pain on a scale of VAS (0-100 mm), was evaluated. Disease activity was assessed using the ACR criteria for 20% improvement (ACR20), the ACR50, the ACR70 and the disease activity score of 28 joints (DAS28) [25] .
The serum CRP level was measured using an LPIA CRP kit (Mitsubishi Chemical Iatron, Tokyo, Japan), the MMP-3 level was measured using an MMP-3 ELISA kit (Daiichi Chemicals, Tokyo, Japan) and the RF level was measured using an N-Latex-RF kit (Dade Behring, Tokyo, Japan). ANA was measured using indirect immunofluorescence on Hep-2 (MBL, Nagoya, Japan) and was defined as positive if the observed titre was Â80 or greater than Â80. Anti-SS-A(Ro), anti-SS-B(La) and anti-U1RNP were measured using an ELISA (MBL) and were defined as positive if the observed units were greater than the cut-off units. Human anti-chimeric antibody (HACA; anti-infliximab antibody) was measured using an ELISA (Immunodiagnostik, Bensheim, Germany) and was determined as positive according to the manufacturer's instructions. Briefly, the diluted serum samples (Â200) were added onto infliximab-coated microtitre plates and incubated overnight at 48C After extensive washing with buffer, infliximab conjugated with horseradish peroxidase was added and the samples were incubated, followed by extensive washing. Finally, the substrates were added to the plates and the optical density at 450-620 nm was measured.
Hand and foot X-rays were obtained at baseline, and two expert readers scored the images according to the previously reported method of vdH-Sharp [26] .
The design of this study was approved by the ethical committees of Saitama Medical University (No. 173), and all the patients provided their written informed consent at the time of enrolment in the study.
Preparation of RNA from blood
Samples (2.5 ml Â 2) of whole blood were drawn into PAXgene RNA tubes (Qiagen, Hilden, Germany), and the total RNA was extracted and purified according to the tube manufacturer's instructions. The quantity of RNA obtained from the extraction step was assessed using a NanoDrop ND-1000 instrument (Nano Technologies, Wilmington, DE, USA). The quality of the extracted RNA was determined using a Bioanalyser 2100 (Agilent Technologies, Palo Alto, CA, USA); the ribosomal RNA 28S/18S ratio was verified to be >1.3 in all the experiments.
Preparation of the cDNA microarray
We designed and prepared a low-density cDNA microarray for mRNA expression profiling in whole blood. Genes for this microarray were selected from the public database of SAGE (serial analysis of gene expression) results (http://133.11.248.12/; homepage of the Department of Molecular Prevent Medicine, School of Medicine, The University of Tokyo) for activated blood cells, such as T cells, dendritic cells, monocytes and macrophages [27] [28] [29] . We also incorporated findings from a high-density oligo-chip assay (U-95 GeneChip; Affymetrix, Santa Clara, CA, USA) that were obtained using peripheral blood mononuclear cells (PBMCs) isolated before and after infliximab treatment. A total of 747 genes were spotted onto SuperAmine (Telechem International, Sunnyvale, CA, USA) in quadruplicate along with positive and negative control genes, as described previously [29] . For most of the genes, each cDNA was designed to be $500-600 bp and to be within $1 kb from the 3 0 -poly A tail. All cDNAs for the microarray probe were cloned into the pGEM vector (Promega, Madison, WI, USA). All clones for the capture probe were sequenced and validated by comparison with the GenBank sequence.
To confirm the sensitivity and reproducibility of this customized DNA microarray, we used PBMCs stimulated in vitro with lipopolysaccharide (LPS) at a concentration of 5 g/ml and monitored the mRNA expression for up to 16 h using this microarray. At the same time, an ELISA was employed to measure the TNF-produced in the culture supernatant. A significant increase in TNF-in the LPS-stimulated culture supernatants was confirmed, indicating that this system worked well (data not shown). While we did not detect any significant change in TNF-mRNA before stimulation, the amount of transcript sharply increased with LPS stimulation, as detected using the microarray system (a 25-fold increase, compared with an unstimulated control, at 2 h), followed by a gradual decrease to the basal level. Following LPS stimulation, other transcripts, such as plasminogen activator inhibitor-II (PAI-II) and IFN-induced cellular resistance mediator protein A (MxA), showed a biphasic response, increasing initially and then returning to a lower level. Other transcripts, such as orsomucoid-1 and IL-10, showed a continuous increase for at least 16 h. Similar results were obtained in five repeated experiments, confirming the sensitivity and reproducibility of this system.
Reference RNA
Reference RNA was established from a mixture of whole blood (drawn into PAXgene tubes) RNA samples from healthy volunteers. The extracted total RNA, which was certified to be of sufficient quality using the Agilent RNA chip, was amplified using the MessageAmp aRNA kit (Ambion, Austin, TX, USA) to generate amplified RNA (aRNA). An external non-human artificial RNA (a Caenorhabditis elegans Y49G5B fragment) was spiked into the reference aRNA to distinguish it from the sample aRNA.
Preparation of sample RNA, labelling, hybridization and scanning
Total RNA (1 g) from the patients was transcribed and amplified into aRNA using the MessageAmp aRNA kit (Ambion, Austin, Texas), according to the manufacturer's instructions. Next, an external control RNA mixture [lambda DNA (LD), a baculovirus glycoprotein gene (GP) and a Renilla luciferase gene (RL); 9 g each] were added to both the sample and the reference aRNA. The sample and reference aRNAs were then labelled with Cy5-dUTP and Cy3-dUTP (PerkinElmer, Boston, MA, USA), respectively, using a SuperScript II kit (Invitrogen, Carlsbad, CA, USA) and random hexamers (TaKaRa, Kyoto, Japan). Competitive hybridization of Cy3-labelled reference and Cy5-labelled sample cDNA on the microarray was performed using a chamber system (Agilent Technologies, Palo Alto, CA, USA), according to the method described by Khodursky et al. [30] . The slides were scanned five times with five different power ranges using a ScanArray 5000 (PerkinElmer, Boston, MA, USA). For further statistical analysis, the data were converted from TIFF image data to signals using ImaGene software (BioDiscovery, El Segundo, CA, USA). The data files for the five scans were merged to establish a single representative data set for each gene (patent pending, PCT/JP03/ 06677). The Cy5 (patient sample)/Cy3 (reference sample) ratio for each mRNA signal was calculated after global Lowess normalization [31] .
Real-time PCR
The primer and probe sets for IFN-inducible double-stranded RNA-activated protein kinase (PKR) (forward, CCTGTCCT CTGGTTCTTTTG; reverse, TGTCAGGAAGGTCAAATCTG; probe, CTACGTGTGAGTCCCAAAGCAAC) and IFN-inducible transmembrane 9-27 (forward, CCGTGCCCGACCATGT; reverse, CCCAGACAGCACCAGTTCAA; probe, TGGTCCC TGTTCAACACCCTCT) were prepared according to TaqMan Gene Expression Assays (a pre-formulated assay; Applied BioSystems, Foster City, California, USA). The probes were fluorescently labelled with 5-carboxyfluorescein (FAM; reporter) and tetramethyl-rhodamine (TAMRA; quencher) dye systems (Applied BioSystems, Foster, CA, USA). To determine the relative amount of RNA, standard curves were generated for each primer-probe set using the same reference aRNA as the microarray. TaqMan fluorescence-based quantitative real-time PCR was performed in 384-well plates on an ABI Prism7900HT sequence detection system, according to the manufacturer's protocol. According to the manufacturer's instructions, reverse transcription and amplification were accomplished in a single step using the TaqMan EZ RT-PCR core reagent (Applied BioSystems), 10 ng of patient aRNA, 100 nM of each primer and 200 nM of TaqMan probe labelled at the 5 0 -end with FAM and at the 3 0 -end with TAMRA. The reaction was performed using the following sequence: 2 min at 508C, 30 min at 608C, 5 min at 958C and 50 cycles of 20 s at 958C followed by 1 min at 628C.
Statistics
Statistical analyses were performed using JMP software version 6.0 (SAS Institute, Tokyo, Japan), unless otherwise specified. The Wilcoxon/Kruskal-Wallis test was used for non-parametric comparisons between subgroups. Chronological changes in the same items, such as microarray data (Cy5/Cy3 ratio), the serum CRP level and the DAS28 score in responders and nonresponders, were initially analysed using an equal variance f-test. If the P-value from the f-test was <0.05, the Welch t-test was used for comparisons. Differences were considered significant when the P-value was <0.05.
Results
Patient characteristics and changes in clinical parameters
The baseline characteristics and the response to infliximab at 22 weeks in the 18 RA patients enrolled in this study are shown in Table 1 . Four of the 18 patients had early stages of RA, with durations of <2 yrs. No significant differences in the clinical parameters were observed between the responders and the nonresponders, although the CRP and MMP-3 levels were higher and the RF titres and vdH-Sharp scores were lower in the responders than in the non-responders in this patient population. During the infliximab treatment, significant changes in the populations of various blood cell types, including white blood cells, neutrophils, eosinophils, basophils, monocytes and lymphocytes, were not observed (data not shown). To assess the clinical response to infliximab treatment, we calculated the ACR response rate and the DAS28 based on the clinical data obtained at each visit. The 18 RA patients were then categorized as responders (n ¼ 8) or non-responders (n ¼ 10) based on their ACR50 response criteria at week 22, as shown in Table 1 . The ACR50 response rate to infliximab was 8/18 (44.4%), which was higher than that observed in a Japanese clinical trial in a 3 mg/kg infliximab group at 14 weeks (30.2%) [32] . The reductions in the serum CRP levels and the DAS28 scores after the first infusion of infliximab were similar between the responders and the non-responders. However, these values increased with subsequent infusions in non-responders, while they remained at low levels in responders (Fig. 1) . HACA directed against infliximab was detected in 3 of the 10 nonresponders but was not detected in the 8 responders. HACA positivity in patients with ACR0, ACR20, ACR50 and ACR70 was 14.3, 30.0, 0 and 0%, respectively.
cDNA microarray analysis of peripheral blood cells in RA patients treated with infliximab
We first selected genes that were differentially expressed by >1.5-fold between the patient and the reference control samples for at least one sampling point (see Supplementary Fig. 1 , available as supplementary data at Rheumatology Online). Next, we searched for genes with statistically significant differences in expression between responders and non-responders to infliximab.
Approximately 15% of the total genes were found to have a >1.5-fold change, compared with the reference value, at one or more time points during 22 weeks of infliximab therapy. These genes included those for ribosomal proteins, proteins related to degradation or apoptosis (e.g. caspase and proteasome components) and proteins related to metabolism (e.g. folate receptor). As shown in Table 2 , 18 genes that were differentially expressed between responders and non-responders during the monitoring period were successfully identified. Interestingly, the top ten genes in Table 2 were IFN-related. Prior to treatment, IFN-related genes were up-regulated in >50% of the RA patients; regulation was normalized in some of the patients, as shown in Fig. 2A . When the patients were classified as responders or nonresponders, distinct patterns were observed at 14 weeks and similar patterns, but consisting of three clusters, at 22 weeks, but this was not obvious at 2 weeks. It is interesting to note that one of the two responders in the non-responder cluster at 14 weeks (marked as violet) was moved to the responder cluster at 22 weeks, but another responder (marked as pink) remained at the nonresponder cluster at 22 weeks. Also, one non-responder in the responder cluster at 14 weeks (marked as yellow) remained in the responder cluster at 22 weeks. The responders were characterized by continued suppression to the normal level, while expression in the non-responders returned to the baseline level ( Table 2 ). The expressions of IFN-related genes, including IFN-inducible gene family (transmembrane 2), IFN-induced cellular resistance mediator protein B (MxB), IFN--inducible peptide (6-16) gene, PKR and IFN-inducible transmembrane protein 9-27, showed similar patterns (Table 2 and Fig. 2B) , suggesting that these genes may be regulated by a common key molecule. Indeed, some of these genes, including PKR, 2 0 ,5 0 -AS (OAS1), ISG-56 and IFI-6-16, have an IFN-stimulated response element (ISRE) in their promoter regions [33, 34] .
To confirm the data obtained using the customized cDNA microarray, we also analysed mRNA expression using real-time PCR. Figure 3 shows the results of real-time PCR data for IFN-inducible transmembrane protein 9-27 in responders and non-responders. The microarray data and the real-time PCR data in Fig. 3 are comparable, confirming the results. Expression profiling showed that the marked up-regulation of genes related to inflammation was suppressed to the reference level after treatment with infliximab. As shown in the left half of the Fig. 2B , a significant decrease in the up-regulated genes at baseline was obtained at 2 weeks after infliximab treatment in most of the patients, regardless of whether they were responders (closed circles) or non-responders (open circles). The decrease in the up-regulated genes in the responders was maintained throughout the treatment period after 2 weeks. Interestingly, the up-regulation of IFNrelated genes re-appeared in parallel with the flare in DAS28 and serum CRP levels after 2 weeks in the non-responders (Fig. 1 ). Changes in the DAS28 level were strongly correlated with the expression of IFN-related genes, as shown in the right half of Fig. 2B .
In addition to the IFN-related genes, several genes, such as the AP-1-associated adaptor complex subunit (-adaptin) and some chemokines, showed unique kinetics patterns. As shown in Fig. 4D , the gene expression of the AP-1-associated adaptor complex subunit (-adaptin) was increasingly up-regulated during the late phase of infliximab treatment in responders, in contrast to the pattern observed in the IFN-related genes. Interestingly, significant differences in the expression of CX3CR1, IL2RB and chemokine ligand 4 genes (Fig. 4A-C) as well as TNF-related genes (data not shown) were observed between responders and non-responders at baseline.
Discussion
In this report, we utilized a customized microarray to monitor the kinetics of mRNA expression profiles in peripheral blood samples from RA patients during treatment with infliximab, a chimeric monoclonal antibody against TNF-. Although synovial biopsy samples reflect the consequences of inflammation at a specific joint and the therapeutic response to anti-TNF biologics more directly [19, 35] , obtaining such samples, particularly from multiple sites and at multiple time points, is difficult. Thus, we focused on the use of peripheral blood samples.
Variability in microarray data arises from many sources, including sampling, RNA amplification and labelling, and the hybridization conditions. In particular, reliable procedures for blood sampling and the separation of PBMCs are indispensable for minimizing ex vivo changes in mRNA expression [36, 37] . Since the PAXgene RNA tube blood-drawing system can reduce or eliminate problems arising during handling or storage [38] [39] [40] , we used this system and obtained an excellent quality and quantity of mRNA in whole blood cells from RA patients. Our initial experiments using LPS-activated PBMCs indicated that our customized microarray detected an increase in the expression of TNF-mRNA prior to that of IFN-related genes, including MxA and 2 0 ,5 0 -AS (OAS1). Since the corresponding protein levels measured by ELISA also changed in a fashion similar to the changes in mRNA expression detected using the customized microarray, this array seems to be useful for detecting biologically meaningful changes in mRNA levels.
Open-labelled studies tend to exhibit a bias in the interpretations of responses towards a favourable outcome, particularly when the responders are judged according to ACR20 criteria. Instead, we used the ACR50 response to measure the response rate in this study because this measure is thought to better reflect the patients' levels of satisfaction [41, 42] . Indeed, when we categorized the responders according to the ACR20 criteria, we did not observe a clear difference in the CRP level or the DAS28 score between the responders and non-responders. In turn, when we used ACR50 as the definition of response, significant differences in the CRP level and the DAS28 score were observed between the two groups. Thus, the patients were grouped as responders or non-responders based on their ACR50 response, similar to the protocol previously used to group therapeutic responses to MYX and etanercept [11] . Recently, accumulating evidence has demonstrated that the combination of anti-TNF biologics and MTX protects against joint destruction in all RA patients, irrespective of their clinical response, for up to 2 yrs of observation [43] [44] [45] ; this finding raises the question as to whether a non-responder phenotype really exists and whether this phenotype is stable, particularly in terms of the response to joint damage. In these studies, the mean change in the joint score of the RA patients treated with anti-TNF plus MTX was almost zero. However, several groups of patients were examined, including those with the progression of radiographic joint damage, those with no significant change and those with an improvement. In this regard, it may be interesting to apply this microarray analysis to the prediction of patients with variable radiographic changes.
We observed a clear, statistically significant difference in the kinetics of IFN-related genes during infliximab treatment between the responders and the non-responders. One may wonder whether this difference is a consequence of the successful sustained inhibition of TNF-production in responders, but not in nonresponders. The sustained inhibition of TNF-production depends, in part, on the trough level of the serum infliximab concentration, which has been reported to be correlated with the efficacy of infliximab [46] [47] [48] . The serum trough level of infliximab can be determined by several factors, such as the dose of infliximab, immunoglobulin clearance and HACA [49] in individual patients. Although the necessary trough level of infliximab should be determined in the future, HACA was positive at 22 weeks for 3 out of 10 non-responders, while it was not detected in 8 responders, suggesting that HACA and the subsequent promotion of infliximab clearance may lead to the inefficient inhibition of TNF-production. Nevertheless, it is important to note that TNF-itself does not differ significantly between responders and non-responders to infliximab at 22 weeks, indicating that other mechanisms may also be involved in this process.
Interestingly, the IFN signature was originally reported in the expression profiles of PBMCs from patients with SLE, but not from patients with RA [50, 51] . In this study, the IFN signature was also observed in a subset of RA patients, and TNFblockade caused an immediate and significant reduction in IFN-related gene expression, although the level of the increase in IFN-related genes in RA patients was 2-3 times that in healthy individuals, while the increase in patients with SLE was much higher. Recently, TNF-has been shown to regulate type 1 IFN. Juvenile idiopathic arthritis patients treated with anti-TNF exhibited the IFN signature, which is responsible for the seroconversion to anti-dsDNA antibody, and lupus-like clinical manifestations developed in RA patients receiving anti-TNF therapy [52] . While these studies were performed in a limited number of juvenile patients, other reports have identified patients with the IFN signature in a subset of SLE patients with renal disease and anti-RNA-binding proteins like anti-RNP/Sm and anti-Ro/La, but not with anti-dsDNA antibodies. Furthermore, a significant association between high IFNscores and the absolute counts of lymphocytes in PBMC samples was observed, partly because of lymphocytopenia [53] . In this regard, SS complications may confer an IFN signature as a result of lymphocytopenia and anti-Ro/La positivity. Among our 18 RA patients, 4 patients had been diagnosed as having secondary SS. However, the IFN signature was not limited to the RA patients with secondary SS, ruling out this possibility. An elevated level of serum IFN-may contribute to the IFN signature seen in patients with SLE [54] . Finally, it has been reported that the serum IFN-level is elevated in patients with RA [55] and that IFN-treatment for hepatitis C complications in RA patients induced or aggravated RA [56] . Again, it should be noted that quantitative RT-PCR showed no significant increases in IFN-or IFN-/ genes in peripheral blood samples, as demonstrated in this study. The mechanism responsible for the sustained inhibition of the IFN signature in responders and its reappearance in non-responders remains to be clarified, and such knowledge will likely identify new therapeutic targets for RA.
The AP-1-associated adaptor complex subunit is a member of the vesicle budding protein family and plays a role in protein transport between membrane compartments in receptor-mediated endocytosis [57] . This gene was up-regulated in the responder groups during the later phase of treatment. We suspect that TNF receptor recycling is activated in patients during the later stages of infliximab treatment, but the biological significance of this process is currently unclear. The expression of CD28 (data not shown) and ribosomal proteins also exhibited the same pattern as the AP-1-associated adaptor complex subunit. We found that HLA-DQA1 was up-regulated at baseline, and its expression did not change significantly during the course of treatment. Although SNP analyses indicated a correlation between responsiveness to infliximab and the expression of HLA-Bassociated transcript 2 and some other antigens [12] , recent studies have shown that the shared epitope is correlated with disease severity, but not with the response to anti-TNF biologics [13] . On the contrary, the expression levels of HLA-DRB1 alleles and some other loci have been reported to be associated with the response to etanercept [11] , supporting our results.
A recent microarray analysis of mononuclear cells separated from the peripheral blood of RA patients identified 20 genes that were significantly correlated with a favourable response to infliximab [20] . Interestingly, most of the genes listed were not related to the pathophysiological condition and were not TNFtargets, but two genes, PTPN12 and MUSTN1, are regulated by the TNF-/nuclear factor-B pathway [20] . The 20 genes that were listed are not the same as those identified in this report, with the exception of HLA class II. This discrepancy may be due to differences in the samples (mononuclear cells vs whole blood cells), array systems, statistical analysis methods, patient ethnic and treatment backgrounds, criteria for responders and so on. Consistent with their results, we did not observe a clear change in TNF-related gene expression in peripheral blood cells after infliximab treatment. Our microarray may not have been sufficiently sensitive, although an in vitro experiment demonstrated a definite ability of the system to detect changes in TNFexpression. Since the decay of the TNF-gene transcript was rapid and occurred after <12 h in the in vitro experiment, the sampling timing may be critical for detecting significant changes in vivo.
In conclusion, we showed that a customized microarray could be used to monitor mRNA expression in peripheral blood cells from RA patients treated with an anti-TNF biologic, infliximab. Our results support the strategy of using a downsized, customized microarray and whole blood cell samples to identify potential responders to TNF inhibitors and to identify new molecular targets by analysing the expression profiles of non-responders.
Rheumatology key messages
Using a customized microarray, we demonstrated unique genes in responders and non-responders to infliximab in RA. It is useful to predict responders and identify new targets by analysing gene profiles in non-responders. 
